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(57) [Abstract] 

[Problem] Production technology of metal polycide layer who 
se it is possible to lower sheet resistance of themetal polycide 
layer where pattern width is narrow is offered. 

[Means of Solution] Step which prepares group plate which po 
ssesses upper surface and thebottom surface, first step which 
forms titanium polycide layer at least in region of portion ofihe 
upper surface of aforementioned substrate. While in 
aforementioned titanium polycide layer including compressive 
strain heating, itincludes with second step which aforementioned 
titanium polycide layer resistance-lowering isdone. 
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[Claim(s)] 

[Claim 1 ] Step which prepares group plate which possesses upp 
er surface and thebottom surface. 

First step which forms titanium polycide layer at least in region 
of portion ofthe upper surface of aforementioned substrate. 

Causing compressive strain in aforementioned titanium polycide 
layer, manufacturing method of semiconductor devicewhich 
includes with second step which it heats, resistance-lowering it 
does theaforementioned titanium polycide layer. 

[Claim 2] Aforementioned titanium polycide layer, manufactur 
ing method of semiconductor device which is stated inthe Claim 
1 to which width includes linear part amount of 1 m or less. 

[Claim 3] Aforementioned second step, 

To bottom surface of aforementioned substrate, step which is fo 
rmedwith low temperature first film which consists of material 
where thethermal expansion coefficient is large in comparison 
with aforementioned substrate ^comparison with 800 °C . 

Aforementioned substrate with temperature of 800 °C or highe 
r thermal processing themanufacturing method of 
semiconductor device which is stated in Claim 1 or 2 which 
includes withthe step which is done. 

[Claim 4] Before aforementioned first step, furthermore, inclu 
ding stepwhich forms second film which consists of material 
where thermal expansion coefficient issmall to bottom surface 
of aforementioned substrate in comparison with 
theaforementioned substrate with first temperature, 

Aforementioned titanium polycide layer is formed with high sec 
ond temperature in theaforementioned first step, in comparison 
with aforementioned first temperature , 

After aforementioned first step and before aforementioned seco 
nd step,furthermore, manufacturing method of semiconductor 
device which is stated in any ofthe Claim 1 to 3 which includes 
step which removes aforementionedsecond film. 

[Claim 5] Aforementioned substrate, is Si, 

Aforementioned second membrane, manufacturing method of s 
emiconductor device which is stated inthe Claim 4 which is a 
Si02. 

[Claim 6] Aforementioned substrate is Si, 
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Aforementioned first film, UN, A1N , manufacturing method 
of semiconductor device which is stated in any of Claim 3 to 5 
whichis formed by those of at least one which is chosen from 
group whichconsists of ZrN, HfN, Co , Ti, Ni , theZr, Hf, Ta, 
Fe, Cr,Mo,theW, Pt , TiSi2 , ZrSi2 , HfSi2 , TaSi2 , the Fe 
Si2 , Cr Si2 , MoSi2 , WSi2 , and Pt Si2 . 

[Claim 7] Step which prepares substrate which Si surface expos 
es at least inthe part region. 

On surface of aforementioned substrate, step which accumulates 
the metal film which causes Si and polycide reaction. 

While doing to cause strain in surface of aforementionedsubstra 
te and at least one of aforementioned metal film, manufacturing 
method of thesemiconductor device which includes with step 
where it heats, reacts with theaforementioned Si surface and 
aforementioned metal film and forms metal polycide layer. 

[Claim 8] Aforementioned Si surface, manufacturing method o 
f semiconductor device which is stated inthe Claim 7 which 
possesses region of linear shape of width 1 m or less. 

[Claim 9] Before step which forms aforementioned metal poly 
cide layer, furthermore, 

On back surface of aforementioned substrate, in comparison wit 
h heating temperature in step which forms aforementioned 
metal polycide layer with low temperature,the manufacturing 
method of semiconductor device which is stated in Claim 7 or 8 
which includes thestep which forms first film which consists of 
material where thethermal expansion coefficient is large in 
comparison with aforementioned substrate . 

[Claim 1 0] Aforementioned substrate is Si substrate, 

Aforementioned first film, manufacturing method of semicondu 
ctor device which is stated in Claim 9 which is formed bythose 
of at least one which group which consists of UN , the A1N , 
ZrN, HfN, Co,Ti, Ni , theZr, Hf, Ta, Fe, Cr,Mo,theW, Pt, 

TiSi2 , ZrSi2 , HfSi2 , TaSi2 , the Fe Si2 , Cr Si2 , MoSi2 , WSi2 
and Pt Si2 depends and ischosen. 



[Claim 1 1 ] Aforementioned metal film is T\ film, 

While after step which forms aforementioned metal polycide la 
yer,furthermore, doing to cause compressive strain in 
aforementioned metal polycide layerheating, manufacturing 
method of semiconductor device which is stated in any of 
theClaim 7 to 1 0 which includes step which aforementioned 
metal polycide layer theresistance-lowering is done. 
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[Claim 12] Aforementioned metal film is Ti film, 

After step which forms aforementioned metal polycide layer, fU 
rthermore, themanufacturing method of semiconductor device 
which is stated in Claim 9 or 1 0 which includes thestep which 
does thermal processing with high temperature in comparison 
with theheating temperature in step which forms 
aforementioned metal polycide layer resistance-lowering itdoes 
aforementioned metal polycide layer. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards manu 
facturing method of semiconductor device, especially, it 
regards themanufacturing method of semiconductor device 
which possesses fine pattern which consists of the metal 
polycide. 

[0002] 

[Prior Art] High melting point metal polycide, contact material 
of semiconductor device, is utilized in gate electrode , and 
metallization etc. Even in metal polycide as for TiSi2 
resistance in room temperature 10 to 20 -cm islow, from feet 
that it is a thermal and a chemically stable it is used in 
thesemi conductor device. 

[0003] There is a phase of 2 kinds of C49 phase of metastable 
state and C54phase of stable state in TiSi2 , (100) or (1 1 1) 
face Si substrate surface , is formed on the polysilicon or 
amorphous silicon or other. C49 phase is formed with 700 °C 
or below, C54 phase is formed with the750 °C or higher. As 
for C49 phase which is a metastable state, when it compares 
with theC54 phase which is a stable state resistance is high, it is 
a 40 to 60 -cm with the room temperature. 

[0004] Below, referring to Figure 1 (A) to Figure 1 (Q, you ex 
plain preparation method of conventional HSi2 layerthe 
source of MOSFET, when to salicided it converts surface of 
the drain region and gate electrode for example. Furthermore , 
afterwards at time of explaining Working Exampleof this 
invention you refer to Figure 1 . 

[0005] As shown in Figure 1 (A), through gate insulating film o 
n surface of p-type silicon substrate 1 ,the 2 gate electrode 2 
which consists of amorphous silicon is formed In order to put 
between respective gate electrode 2, low resistance region 3 of 
multipleis formed to surface of silicon substrate 1 . MOSFET is 
formed each gate electrode 2 by 2 low resistance region 3 which 
puts between that. 
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[0006] From sidewall of gate electrode 2 over gate electrode vie 
inity region of low resistance region 3 surface, sidewall insulator 
4which consists of insulator is formed sidewall insulator 4 is 
used as mask at time of ion implantation of low resistance 
region forming. 

[0007] Referring to Figure 1 (B), you explain concerning step t 
o thermal processingof 1st time. Ti film 5 is accumulated in 
substrate entire surface which includes surface whichthe gate 
electrode 2 and low resistance region 3 expose. Next, it does 
thermal processing of 1st time with temperature 690 °C 
extent, Ti and theSi reacts. Because of this, interface of low 
resistance region 3 and Ti film 5, respectiveHSi2 layer 6, 7 is 
formed to interface of and gate electrode 2andTi film 5. 

[0008] Referring to Figure 1 (Q, you explain concerning step t 
o thermal processingof second. Furthermore ,TiNfilm8of 
silicon substrate 1 back surface of Figure 1 (Q issomething 
which is formed in Working Example which it mentions later, 
withthe Prior Art Example as for TiN film 8 it is not formed 
After thermal processing step of 1 st time, unreacted Ti film 5 
is removed. Next, thermal processing is done with 800 °C, 
TiSi2 from C49 phase thephase transition isdoneinC54 
phase, TiSi2 layer 6, 7 resistance-lowering is done. 

[0009] 

[Problems to be Solved by the Invention] TiSi2 resistance-lowe 
ring does with second thermal processing step due to Prior Art 
Example, but when thepattern width of low resistance region 3 
of Figure 1 (Q becomes 1 m or less, sheet resistance of 
theTISi2 layer 6 increases suddenly. 

[0010] Figure 4 shows sheet resistance of TiSi2 layer for linewi 
dth of HSi2 layer, horizontal axis displays linewidth with unit 
in, vertical axis displays thesheet resistance with unit 
/square, sample which measured sheet resistance, ion 
implantation doing BF2+ ion in the silicon substrate, is 
something which formed TiSi2 layer in surface of p-type 
regionwhich did thermal processing of 10 min with 850 °G 
As for symbol .solid sq. of in the diagram, BF2+ as for acceleration 
energy 20 keV , dose 5X1015 cm-2 and symbol .solid circ, ion 
implantation doing with condition of acceleration energy 20 
keV and the dose 2 X 1015 cm-2, it shows case where it formed 
p-type region. 



[0011] T i S i 2 Jf <DTtfca<. BF 2 + (D K— X 
R2 x 1 O ]b cm- 2 0pm$m<D^. T i S i 2 M<D 



[00 1 1 ] When substrate of TiSi2 layer, it is a p-type region of d 
ose 2 X 1015 cm-2 of the BF2+, when linewidth of TiSi2 layer 
is 2 m, when sheet resistance isapproximately 6 /square, 
linewidth is designated as 1 m, sheet resistancerises a little and 
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becomes approximately 1 1 /square. Furthermore, when 
linewidth is made thin, sheet resistance increasessuddenly, when 
linewidth is 0.4 m, becomes approximately 34 /square. 

[0012] When dose of p-type region of TiSi2 layer substrate is 
5 X 1015 cm-2, the sheet resistance becomes high in entire, as 
for change of sheet resistance for the linewidth shows similar 
tendency. 

[0013] In order to assure acceleration of semiconductor device, 
it is necessary to lowerthe resistance of metallization * 
electrode. Especially, degree of integration improves, with 
integrated circuit where narrowingadvances, as for 
metallization * electrode there is a tendency which more and 
morebecomes thin. Because of this, it becomes necessary for 
especially linewidth tolower sheet resistance of metallization * 
electrode of 1 m or less. 

[0014] Objective of this invention is to offer production techn 
ology of metal polycide layer whose it ispossible to lower sheet 
resistance of metal polycide layer where pattern width is 
narrow. 

[0015] 

[Means to Solve the Problems] According to one viewpoint of t 
his invention, step which prepares thegroup sheet which 
possesses upper surface and bottom surface, first step which 
forms titanium polycide layer in specified region of upper 
surface of theaforementioned substrate. While in 
aforementioned titanium polycide layer including compressive 
strain heating, theresistance-lowering is done manufacturing 
method of semiconductor device which includes with second 
stepwhich is offered aforementioned titanium polycide layer. 

[00 1 6] As for C54 phase of titanium polycide density is high in 
comparison withC49 phase. Therefore, in titanium polycide 
layer it is thought that phase transition to C54 phase 
ispromoted from C49 phase, by thermal processing doing 
including compressive strain. Because resistance is low in 
comparison with C49 phase, to assure the resistance-lowering it 
is possible C54 phase. 

[0017] According to other viewpoint of this invention, aforem 
entioned titanium polycide layer isoffered, manufacturing 
method of semiconductor device which includes linear part 
amount of the width 1 m or less. When usually, titanium 
polycide layer is linear pattern of linewidth 1 m or less, there 
isa tendency where sheet resistance becomes high. Because of 
this, as for method which thermal processing is done, when the 
titanium polycide layer includes linear part amount of linewidth 
1 m or less, effect is high in the titanium polycide layer 
including compressive strain. 
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[0018] According to other viewpoint of this invention, aforem 
entioned second step,to bottom surface of aforementioned 
substrate, step which is formedwith low temperature first film 
which consists of material where thethermal expansion 
coefficient is large in comparison with aforementioned substrate 
incomparison with 800 °C . manufacturing method of 
semiconductor device which includes with step which thermal 
processingis done is offered aforementioned substrate with 
temperature of the800 °C or higher. 

[0019] Forming film which consists of material where thermal e 
xpansion coefficient is largeto bottom surface of substrate, in 
comparison with substrate when it heats,in order for substrate 
to designate bottom surface as outside, it curves. Because of this, 
it is possible to add compressive strain to titanium polycide 
layer whichwas formed to upper surface of substrate. When 
therm al processing it does with temperature of 800 °C or 
higher, titanium polycide fromC49 phase phase transition is 
possibleto C54 phase to efficient. 

[0020] According to other viewpoint of this invention, To befo 
re aforementioned first step, Furthermore, step which forms 
second film which consists of material where thethermal 
expansion coefficient is small to bottom surface of 
aforementioned substrate in comparisonwith aforementioned 
substrate with first temperature including, Aforementioned 
titanium polycide layer is formed with high second temperature 
in theaforementioned first step, in comparison with 
aforementioned first temperature ,after aforementioned first 
step and before aforementioned second step,furmermore, 
manufacturing method of semiconductor device which includes 
step whichremoves aforementioned second film is offered. 

[002 1 ] Forming film which consists of material where thermal e 
xpansion coefficient is smallto bottom surface of substrate, in 
comparison with substrate when it heats,in order for substrate 
to designate upper surface as outside, it curves. With this state 
it forms titanium polycide layer in substrate upper surface, 
removes film ofthe substrate back surface and it is possible to 
add compressive strain to titanium polycide layer, 
byreconstructing warp of substrate. 

[0022] According to other viewpoint of this invention, step wh 
ich preparesthe substrate which Si surface exposes at least in 
part region. On surface of aforementioned substrate, step which 
accumulatesthe metal film which causes Si and polycide reaction. 
Causing strain in surface of aforementioned substrate, and theat 
least one of aforementioned metal film it heats, aforementioned 
Si surfaceand aforementioned metal film reacting, 
manufacturing method of semiconductor device whichincludes 
with step which forms metal polycide layer is offered. 
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[0023] Causing distortion in surface of substrate, and at least on 
e of themetal film when it heats, polycide reaction becomes 
easy to happen. Because of this, it is likely to form thick metal 
polycide layer in comparisonwith when distortion is not caused. 
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[0024] According to other viewpoint of this invention, further 
more, before thestep which forms aforementioned metal 
polycide layer, on back surface of theaforementioned substrate, 
with low temperature, manufacturing method of semiconductor 
device whichincludes step which forms first film which consists 
of material where thermal expansion coefficient is large in 
comparison with aforementioned substrate is offered in 
comparison with heating temperature in step which forms 
theaforementioned metal polycide layer. 

[0025] After forming first membrane, at time of polycide reacti 
on, in order thethermal processing to do with high temperature 
in comparison with temperature attimeofthe first film 
formation, in order for substrate to designate back side as 
outside,it curves. Because of this, compressive stress applying is 
done in metal film of the substrate surface, compressive strain 
occurs. 

[0026] 

[Embodiment of Invention] Doing thermal processing when pa 
ttern of TiSi2 layer becomes thin, in orderto search cause 
which resistance-lowering is not done, linewidth observedthe 
TiSi2 pattern of 0.5 m and 2.0 m with transmission 
electron microscope (TEM) . 

[0027] As a result, when linewidth becomes narrow, region of i 
nsideapproximately half of HSi2 pattern continued to be C49 
phase, what thephase transition has not been done understood 
in C54 phase. Because of this, when linewidth becomes narrow, 
it is thought thething where sheet resistance of TiSi2 pattern 
rises. 

[0028] In addition, when lattice constant of TISi2 pattern of C 
49 phase of TiSi2 filmand linewidth 0.5 m of C49 phase 
which was formed to substrate entire surface wasmeasured due 
to X-ray diffraction , as for TiSi2 film which was formed in the 
substrate entire surface although compressive strain of 0.0079 
extent is received as for TiSi2 pattern ofihe 0.5 m linewidth 
it understood that compressive strain is not received for 
mostpart. 
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[0029] When from C49 phase phase transition doing to C54 ph 
ase, volume of theTiSi2 approximately becomes 5 % snail. 
Because of this, when compres sive strain is received, it is 
thought thingwhere phase transition to C54 phase is promoted 
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from C49 phase. From this, giving compressive strain to 
TiSi2 pattern where linewidthisthin, phase transition to C54 
phase is promoted by doing thermal processing, it isthought 
that resistance-lowering is assured 
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[0030] Below, referring to Figure 1, concerning first Working 
Example, surface of thelow resistance region of n channel 
MOSFET, you explain case where to salicided itconverts top 
surface of and gate electrode for example. 

[003 1] Referring to Figure 1 (A), you explain concerning step t 
o MOSFETformation. Figure 1 has shown constitution where 
current terminal of respectiveone of 2 MOSFET is connected 
mutually. 

[0032] Thermal oxidation doing surface of p-type silicon substr 
ate 1 , it forms gate insulating film, itaccumulates amorphous 
silicon film of thickness 200 nm on this gate insulating film 
with CVD . In this amorphous silicon film ion implantation it 
does P with condition of acceleration energy 20 keV and dose 4 
X 101 5 cm-2, patterning does and forms gate electrode 2. 
Because of LDD structure formation, As ion implantation is 
done with condition ofihe acceleration energy 10 keV and 
dose 3 X 1013 cm-2 with gate electrode 2 as mask. 

[0033] Next, you use SiH2Cl2 and N20 as starting material gas, 
you form Si02 filmof thickness 150 nm with substrate 
temperature 800 °C with CVD , anisotropic etching doing this 
Si02 filmcontinuously with reactive ion etching (RIE) , you 
form sidewall insulator 4. 

[0034] Ion implantation of low resistance region forming is don 
e with gate electrode 2 and sidewall insulator 4 as themask. for 
example As ion implantation is done with condition of 
acceleration energy 30 keV and dose 2 X 1015 cm-2. thermal 
processing of 10 min is done in nitrogen atmosphere as 
temperature 800 °C, impuritywhich ion implantation is done 
is activated and low resistance region 3 is formed, low 
resistance region 3 becomes source or drain region. After 
thermal processing, oxidized film of low resistance region 3 
surface is removed. 

[0035] Referring to Figure 1 (B), you explain concerning step t 
o thermal processingof 1st time. Ti film 5 is accumulated in 
substrate entire surface which includes surface whichthe low 
resistance region 3 and gate electrode 2 expose, thermal 
processing of 90 second and 1st time is done with temperature 
690 °C. It does thermal processing, with Rapid thermal anneal 
which uses for example infrared lamp. Furthermore , 
temperature of preferably thermal processing is designated as 
the650 to 750 °C and more preferably 650 to 700 °C, heat 
treatment time is designated as 30 to 90 second. 
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[0036] By heat treatment of 1st time, HSi2 layer 6 is formed 
by theinterface of low resistance region 3 and Ti film 5, TiSi2 
layer 7 is formed tothe interface of gate electrode 2 and Ti film 
5. TiSi2 layer 6, 1 is C49 phase . 

[0037] Referring to Figure 1 (Q, until it forms TiN film in bock 
surface of the silicon substrate 1 , you explain concerning step. 
With thermal processing of 1st time unreacted Ti film 5 you 
use etching liquid which mixesthe NH4 OH and H2O2 and H2O 
to 1 : 1 :2, 90 second etching do withthe temperature 70 °C and 
remove. 
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[0038] Next, substrate temperature accumulates UN film 8 of t 
hickness 1 00 m with condition ofthe room temperature with 
reactive sputtering which uses Ti target for back surface of the 
silicon substrate 1 in blended atmosphere of Ar and N2. 
Accumulation of TiN film 8 has necessity to do with low 
temperaturein comparison with temperature of thermal 
processing of second after. 

[0039] Referring to Figure 1 (D), you explain concerning therm 
al processing step of second. In back surface of silicon 
substrate 1 TiN film 8 after acxaimulating and in the nitrogen 
atmosphere thermal processing of 30 second is done with 
temperature approximately800 °C. It does thermal 
processing, with for example Rapid thermal anneal . 
Furthermore , temperature of preferably thermal processing is 
designated as the800 to 900 °C and more preferably 800 to 
850 °C. As for UN, because th ermal expa nsio n coefficient is 
lar ge in comparison with theSi , when it heats to 800 °C in 
order for surface of TiN film 8side to become outside, substrate i 
curves. Because of this, it can add to TiSi2 layer 6, 7 whi ch 
was formedto front side of substrate 1. compressive stress, 
compressive strain occurs. 

[0040] This way, causing compressive strain in TiSi2 layer, TiS 
\2 layer 6, 7 thephase transition is possible to efficient to C54 
phase by heating to 800 °C extent TiN film 8 is removed 
after thermal processing step of second, by back 
surfacegrinding silicon substrate 1. When TiN film 8 is 
removed, it reconstructs substrate to original flat state. 
Furthermore , it is possible in place of back surface grinding 
toremove TiN film 8 with chemical etching . 
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[0041] With above-mentioned first Working Example, you exp 
lained concerning when theTiN is used as film which is formed 
in back surface of substrate,but if it is something where thermal 
expansion coefficient is large in comparison with theSi , making 
use of other material it is good. Making use of for example 
A1N , ZrN and HfN etc it is good. In addition, making use of 
group sheet other than Si it is good. In this case, film which 
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with step of Figure 1 (Q is formed inthe substrate hack surface 
has necessity to make material which possesses bigthermal 
expansion coefficient in comparison with substrate . 

[0042] In same way as first Working Example surface of low r 
esistance region of MOSFET, thecase where to salicided it 
converts top surface of and thegate electrode is explained for 
example next, concerning second Working Example. 

[0043] As shown in Figure 1 (A), substrate where MOSFET was 
formed isprepared. MOSFET is produced with method which is 
similar to first Working Example. As shown in Figure 2 (A), 
Ti film 5 is accumulated in substrate entire surface whichinclu des 
surface which low resistance region 3 and gate electrode 2 
expose. SiFfo and 02 are used for back surface of silicon , 
substrate 1 as thereactive gas, Si02 film 1 1 of thickness 100 
m is accumulated with substrate terrperatureapr^oximately 
300 °C with plasma CVD which uses ECR (electron 
cyclotronic resonance). Furthermore , membrane of thickness 
1 00 m can be accumulated withapproximately 100 min 
extent. Accumulation of SiQ2 film has necessity to do with low 
temperaturein comparison with temperature of thermal 
processing of 1 st time after. 

[0044] Referring to Figure 2 (B), you explain concerning therm 
al processing step of 1st time, thermal processing of 90 second 
and 1st time is done with sub strate as the690 °C. It does 
thermal processing, with ior exampie"Rapid thermal anneal . 
Furthermore , temperature of preferably thermal processing is 
designated as the650 to 750 °C and more preferably 650 to 
700 °C, heat treatment time is designated as 30 to 90 second. 
As fo r thermal expansion coefficient of SiQ2, because it is 
small in comparison withthat of Si, when it heats to 690 °C, in 
order for thesurface of Si02 fiim'l 1 side to become inside, 
substrate curves. With this state, TjSi2 layer 6 is formed by 
interface of the low resistance region 3 and Ti film 5, TiSi2 
layer 7 is formed to interface ofthe gate electrode 2 and Ti film 
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[0045] Referring to Figure 2 (Q, you explain concerning step t 
o thermal processingof second. After thermal processing step 
of 1 st time, suDstrate is cooled to room temperature, theSi02 
film 1 1 is removed with back surface grinding, unreacted Ti 
film 5 you use etching liquid which mixes NH4 OH and H202 
andthe H20 to 1 : 1 :2, 90 second etching do with temperature 
70 °C and remove. When SiQ2 fi lm 1 1 is removed as for 
warp of substrate in ordenorecorisWct, it can adcTto HSi2 
layer 6, 7 cq npr essive strain .^ Heating substrate to 800 °C 
extent with this state, it does thermal processing ofthe 30 
second and second. Furthermore , temperature of preferably 
thermal processing is designated as the800 to 900 °C and 
more preferably 800 to 850 °C. This way, it is possible to do 
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thermal processing with state which adds thecompressive strain 
to TiSi2 layer 6, 7 in same way as first Working Example. 

[0046] With above-mentioned second Working Example, you e 
xplained concerning when theSi substrate is used, but it is 
possible to use group sheet other than theSi . In this case, film 
which with step of Figure 2 (A) isaccumulated in back surface of 
substrate has necessity to make thematerial where thermal 
expansion coefficient is small in comparison with substrate . 

[0047] In addition, as before thermal processing step of second 
which is shown in the Figure 2 (Q, explained with above- 
mentioned first Working Example, it is possible to theback 
surface of substrate to form TiN film. Furthermore it is 
possible by forming TiN film before thermal processing step 
ofihe second, to add big compressive strain. 

[0048] In addition, with above-mentioned second Working Exa 
mple, it designated temperatureof thermal processing of 1 st ' 
time as 650 to 700 °C, it explained concerning whenTiSi2 
layer of C49 phase is formed, but it is possible as temperatureof 
700 °C or higher. Portion of TiSi2 layer can be designated as 
C54 phase where thedensity is high by thermal processing doing, 
in thermal processing of 1 st time with the700 °C or higher. 
Therefore, compressive strain which joins at time of thermal 
processing of secondis expected more becoming large. 

[0049] Next, referring to Figure 3, you explain by comparison 
with casewhere it formed sheet resistance of TiSi2 layer when it 
formed TiSi2 layerwith above-mentioned first Working 
Example , with Prior Art Example . Figure 3 shows sheet 
resistance of TiSi2 lay^^fteTthcnnal processing of 1st time 
and second, horizontal axis with time axis, displays state after 
thermal processing of the before heat treatment , 1st time and 
second, vertical axis displays sheet resistance with theunit 

/square. Furthermore ,with Figure 1, source/drain region of 
MOSFET, tkeGasewhere microscopic TiSi2 pattern is formed 
in upper surface of and gate electrodewas shown, but Figure 3, 
in surface As does ion implantation withthe condition of 
acceleration energy 30 keV and dose 2 X 10l4 cm-2, does 
activating annealing of 10. second withthe 1000 °C and shows 
sheet resistance of TiSi2 layer which was formed inthe entire 
surface of silicon substrate where n-type region was formed 

[0050] Sheet resistance it measured, concerning sample of 3 ki 
nds where theextent of warp of substrate in thermal processing 
step of second differs andthe sample which is not warp. Here, 
extent of warp in order aspect of outside of thesubstrate which 
has curved, to touch to plane in point on that edge,when 
arranging, to display with height H from plane of 
syrnmetrypoint regarding substrate center of point which is 
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touching to plane. Furthermore , substrate which is used is 
something of the4 inch diameter, signal .sq. of in the diagram, 
.solid sq. , .circ. and .solid circ, when theextent H of respective 
mm , 1 mm , 2 mm andthe 3 mm, show sheet resistance. 

[005 1 ] It can control size of extent H of warp of substrate, bye 
hanging substrate temperature or other film formation 
condition or film thickness etc at time of sputter of theTiN 
film 8 which is shown in Figure 1 (Q regarding first Working 
Example. In addition, film formation condition or film 
thickness etc of CVD of Si02 film 1 1 which is shown in Figure 2 
(B) regarding second Working Example, should have 
beenchanged. 

[0052] Sheet resistance of T i layer is approximately 40 /squa 
re, it does thermal processing ofthe 1 st time and it decreases 
sheet resistance suddenly to silicide byconverting. sheet 
resistance after thermal processing of 1st time is 8 to 10 

/square. To thermal processing of 1st time as for difference 
because it is not, as fordifference of sheet resistance every of 
sample, it is thought thing due tothe variation of preparation 
condition in preparation condition of each sample. 

[0053] When heat treatment of second is done, sheet resistanc 
e furthermore decreases. When a warp is not when and extent 
H of warp is 1 rnm,decrease amount of sheet resistance when 
extent H of warp is 2 mmvis-a-vis being approximately 3.9 

/square, is approximately 4.3 /square. This way, in order 
for extent H of warp to become 2 mm,bend substrate, from 
sheet resistance of TiSi2 layer it can decrease in TiSi2 layer by 
doing heat treatment including compressive strain. 

[0054] When extent H of warp is 3 mm, decrease amount of th 
esheet resistance due to heat treatment of second it is 
approximately 2.6 /square, it hasbecome bad rather in 
comparison with when there is not a warp. This, distortion 
becoming too large, is thought for sake of thedefect occurs in 
TiSi2 intralayer. 

[0055] With Figure 3, case where TiSi2 layer was formed in su 
bstrate entire surface wasshown, but when it is a fine pattern of 
TiSi2 even, as for effect of thecompressive strain due to warp 
of substrate because it is thought, that it issimilar, it is thought 
that decrease of sheet resistance is assured vis-a-visthe HSi2 
fine pattern. 

[0056] Next, referring to Figure 5 to Figure 7, you explain con 
cerning Working Example of the3rd of this invention. After 
converting polycide, before doing thermal processing, when 
TiSi2 pattern isobserved with TEM, it understood that 1iSi2 
film thickness is thin with theregion where linewidth is narrow. 
This is thought for sake of polycide reaction becomes slow 
withthe region where linewidth is narrow. 
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[0057] With reaction with Ti and Si, Si becomes scatteringkind 
mainly, but scattering it does also Ti in Si. It is thought that 
mutual diffusion is promoted in at least one of T i layer andthe 
S i layer by making energy unstable including stress. With 
Working Example of 3rd, during polycide reacting doing to 
cause thedistortion in T i layer and S i layer including stress, it 
converts polycide. 

[0058] With first Working Example, formation of n channel M 
OS transistor was explained to example, butwith Working 
Example of 3rd, formation of p channel MOS transistor is 
explained toexample. As shown in Figure 5 (A), MOS 
transistor is formed in surface of n-type silicon substrate 1 . 
formation method is similar to first Working Example which is 
shown in Figure 1 (A). However, because conduction type of 
MOS transistor differs, BF2+ ion dopedis done in place of As. 
Because of for example LDD structure formation, BF2+ion, 
ion implantation is done with condition ofthe acceleration 
energy 10 keV and dose 3 X 1013 cm-2. For source/drain 
region formation, BF2+ ion, ion implantation is done with 
condition ofthe acceleration energy 20 keV and dose 2 X 
10l5cm-2. anneal for impurity activation 10 second is done 
with 1000 °C 
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[0059] Referring to Figure 5 (B), you explain concerning step t 
o heat treatmentof 1st time. Ti film 5 is accumulated in 
substrate entire surface which includes surface whichthe low 
resistance region 3 and gate electrode 2 expose, Ti film 9 is 
accumulated in back surfaceof substrate 1 . film thickness of Ti 
film 9 tries to become fully thick in comparisonwith film 
thickness of Ti film 5. film thickness of for example Ti film 5 
film thickness of 40 nm and Ti film 9 isdesignated as 200 nra 
heat treatment of 30 second and 1 st time is done with 
temperature 725 °C . It does heat treatment, with Rapid 
thennal anneal which uses for example infrared lamp. 
Furthennore , temperature of preferably heat treatment is 
designated as the650 to 750 °C and more preferably 650 to 
700 °C, heat treatment time is designated as 30 to 90 second. 

[0060] Because thermal expansion coefficient of Ti it is large in 
comparison with thethermal expansion coefficient of Si, when 
Ti film 9 of back surface fully it is thickin comparison with H 
film 5 of surface, in order for substrate 1 todesignate back 
surface as outside with substrate heating, it curves. With warp 
of substrate 1, compressive stress joins to surface layer of Ti 
film 5 and substrate 1, compressive strain occurs . 

[0061 ] By thermal processing of 1st time, TiSi2 layer 6 is for 
med by theinterface of low resistance region 3 and T\ film 5, 
TiSi2 layer 7 is formed tothe interface of gate electrode 2 and 
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Tifilm5. In addition, TiSi2 layer 10 is formed to back surface 
of the substrate 1 . TiSi2 layer 6, 7 and 1 0 are C49 phase. 

[0062] Referring to Figure 5 (Q, you explain concerning step t 
o heat treatmentof second. With heat treatment of 1st time 
unreacted Ti film 5 you use etching liquid which mixeswith 
H2SCM and H2O2 to 3 : 1 , 2 0 min etching do with 
temperature 70 °Cand remove. As for Ti film 9 because it is 
thick in comparison with Ti film 5 , thepart of that remains 
without being removed. 

[0063] In argon atmosphere thermal processing of 30 second is 
done with tenperatureapproximately 800 °C. It does thermal 
processing, with for example Rapid thermal anneal . 
Furthermore , temperature of preferably thermal processing is 
designated as the800 to 900 °C and more preferably 800 to 
850 °C. As for Ti film 9 and TiSi2 membrane 10 of back 
surface, because thermal expansion coefficient islarge in 
comparison with Si , when it heats to 800 °C, inorder for 
surface of Ti film 9 side to become outside, substratecurves. 
heat treatment temperature of this time is high in comparison 
with heat treatment temperature at thetime of polycide 
conversion which is shown in Figure 5 (B). In addition, when we 
assume, that etching thickness of Ti film of surfaceand back 
surface is equal, because Ti film 5 of surface or Ti film 9 ofthe 
back surface for thickness of TiSi2 layer 7 and ratio of 
thethickness of total of TiSi2 membrane 10, it becomes large 
in comparison withthat at time of polycide conversion, with at 
time of polycideconversion it is thought that warpage of 
substrate becomes large, incomparison. Because of this, it can 
add to TiSi2 layer 6, 7 which was formedto front side of 
substrate 1 compressive stress, compressive strain occurs. 

[0064] This way, doing to cause compressive strain in T!Si2 lay 
er including compressive stress,the TiSi2 layer 6, 1 phase 
transition is po ssible to efficient to C54phase by heating to^ 
800 °C exten t, 

[0065] It removes with Ti film 9 and TiSi2 layer 10 after ther 
mal processing step ofthe second, by back surface grinding 
silicon substrate 1 . When it removes with Ti film 9 and TiSi2 
layer 10, itreconstructs substrate to original flat state. 
Furthermore , it is possible in place of back surface grinding 
toremove with chemical etching . 

[0066] With Working Example of above-mentioned 3rd, you e 
xplained concemingwhen Ti andTiSi2 are used as film which is 
formed inthe back surface of substrate, but if it is something 
where thermal expansion coefficient islarge in comparison with 
Si , making use of other material itis good. Making use of for 
example TiN, A1N , ZrN, HfN, Co,the Ni,Zr,Hf,Ta, Fe, 
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Cr , theMo, W, Pt , Ni Si2 , ZrSi2 , HfSi2 , theTaSi2 , Fe Si2 , 
Cr Si2 , MoSi2 , WSi2 and Pt Si2 etc itis good. In addition, 
making use of group sheet other than Si it is good. In this case, 
film which with step of Figure 5 (Q is formed inthe substrate 
back surface makes material which possesses big thermal 
expansion coefficient in comparison with substrate . 
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[0067] Figure 6 shows relationship between sheet resistance of 
TiSi2 layerafter thermal processing step of 1st time and 
linewidth of TiSi2 layer, horizontal axis displays linewidth of 
TiSi2 layer with unit m, vertical axisdisplays sheet 
resistance with unit /square. As for symbol .solid circ. of in the 
diagram, TiSi2 layer which was formed withthe method of 
Working Example of 3rd, as for symbol .circ, sheet resistance 
ofthe TiSi2 layer which was formed until recently with method 
whichdoes not form T i layer in back surface of substrate is 
shown. 
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[0068] Linewidth at least in range of 0.25 to 1 m, sheet resis 
tance when it is a Working Exampleof 3rd, approximately 2 

/square extent is small in comparison with thesheet resistance 
when it is a Prior Art Example. As for this, silidde conversion 
reaction advances quickly with distortion of T i layer and Si 
surface layer, is thought for sake of thick HSi2 layer isformed. 
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[0069] Figure 7 shows relationship between sheet resistance of 
TiSi2 layerafter thermal processing step of second and 
linewidth of TiSi2 layer, symbol of horizontal axis , vertical 
axis , and in the diagram is similarto case of Figure 6. 

[0070] Linewidth at least in range of 0.25 to 1 m, sheet resis 
tance when it is a Working Exampleof 3rd, is low in 
comparison with sheet resistance when it is a Prior Art 
Example. Especially, when linewidth becomes 0.4 m or less, 
sheet resistance reducing effect isconsiderable. When for 
example linewidth is 0.28 m, sheet resistance when it is a 
Working Example of 3rdapproximately 5.5 /square extent it 
is small in comparison with sheet resistance in conventional 
case. In case of Working Example of 3rd, in addition to fact 
that thickTiSi2 layer is formed in comparison with Prior Art 
Example, causing compressive strainin TiSi2 layer, in order to 
do heat treatment, it is thought for thesake of phase transition 
to C54 phase of low resistance is promoted from C49phase of 
high resistance. 
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[0071] With Working Example of 3rd, causing compressive str 
ain in T i layer , and theSi surface layer you explained case 
where it causes polycide reaction causingthe drawing strain, but 
not just compressive strain, energy, it becomes unstable, 
themutual diffusion of Ti and Si is promoted and it is thought 
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thatpolycide reaction is promoted. In addition, being an other 
metal other than Ti, because it isthought, that scattering is 
promoted energy with unstable state, Working Example ofthe 
3rd when it forms metal polycide layer making use of metal 
which causesthe polycide reaction other than Ti even, it 
probably can apply. 

[0072] In addition, with Working Example of 3rd, at time of p 
olycideconversion doing to cause strain, you explained case 
where atthe same time it causes compressive strain at time of 
phase transition, but at thetime of polycide conversion because 
a thicker polycide layer can be acquired bycausing strain, only at 
time of polycide conversion causing thestrain, there probably is 
a sheet resistance reducing effect. 

[0073] This invention was explained alongside or more Workin 
g Example, but this invention isnot something which is 
restricted to these, for example various modification, 
improvement and combination etc as for possiblething probably 
are self-explanatory in person skilled in the art. 

[0074] 

[Effects of the Invention] As above explained, according to thi 
s invention, sheet resistance of fine pattern oflhe TiSi2 can be 
decreased. In addition, resistance of metal silicide other than Ti 
can bedecreased. Because of this, acceleration of 
semiconductor device, it becomes possible to assure reliability 
improvement. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1 ] It is a cross section of substrate in order to explain m 
anufacturing method of semiconductor devicedue to first 
Working Example. 

[Figure 2] It is a cross section of substrate in order to explain m 
anufacturing method of semiconductor devicedue to second 
Working Example. 

[Figure 3] It is a graph which shows sheet resistance of TiSi2 la 
yer which isproduced with method due to first Working 

Example. 

[Figure 4] It is a graph which shows sheet resistance of TiSi2 pa 
ttern which is producedwith method due to Prior Art Example. 

[Figure 5] It is a cross section of substrate in order to explain m 
anufacturing method of semiconductor devicedue to Working 
Example of 3rd. 

[Figure 6] It is a graph which shows sheet resistance of TiSi2 pa 
ttern after 1 st time thermal processing whichis produced with 
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method due to Working Example of 3rd. 

[Figure 7] It is a graph which shows sheet resistance of TiSi2 
ttern after second thermal processing whichis produced with 
method due to Working Example of 3rd. 

[Explanation of Reference Signs in Drawings] 

1 silicon substrate 

2 gate electrode 

3 low resistance region 

4 sidewall 

5 Ti film 

6,7 and 10 TiSi2 layer 

8 TiN film 

9 T i layer 

1 1 Si02 film 
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[Figure 2] 



(A) 





(C) 



I 2 ? 2 



ISTA's Paterra(trn), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:80(M30-5727) 



P.21 



JP 96139056A Machine Translation 
> [H3] 



[Figure 3] 
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[Figure 5] 
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[Figure 6] 
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[Figure 7] 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. 3STA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel: 800-430-5727) 

Total English Words - 7096 



P.24 



